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Abstract 

P l a t e l e t s  re lease  beta-thromboglobulin from alpha-granules 

when they are ac t iva ted  by various s t imul i .  An evaluation and 

optimization of a radioimmunoassay f o r  beta-thromboglobulin is 

described. The optimm conditions fo r  the  reac t ion  have been 

characterized,and the  we of second antibody and polyethylene 
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212 HAN ET AL. 

glycol allows completion of the  assay wi th in  24 hours. Similar 

BTG concentrations were obtained using a 1-hour non-equilibrat- 

t ion  assay bu t  t he  1-hour assay was i n e f f i c i e n t  f o r  processing 

l a rge  volumes of specimens and has the  po ten t i a l  f o r  c ross  

r eac t iv i ty .  

was prolonged with apro t in in  o r  by s torage  a t  -70.C. 

BTG concentration in  80 normal ind iv idua ls  was 28 f 18 ng/ml. 

(mean f 2 s .D. )  

BTG standards were unstable but t he  she l f - l i f e  

Plasma 

INTRODUCTION 

During ac t iva t ion  of p l a t e l e t s .  s p e c i f i c  pro te ins  are 

released from the a-granules. One of these is beta-thromboglobu- 

l i n  (BTG) which can be measued by a radioimmunoassay (1).  Pre- 

liminary data ind ica t e  tha t  BTG concentration is ra i sed  i n  pa t i en t s  

with cerebrovascular acc idents ,  p ros the t i c  hea r t  valves,  deep vein 

thrombosis and diabetes mel l i tus  with a r t e r i a l  complications. ( 2 )  

Although the BTG radioimmunoassay has been described and used t o  

measure plasma BTG as  an ind ica t ion  of p l a t e l e t  ac t iva t ion  in  vivo, 

d e t a i l s  of the  charac te r iza t ion  and evaluation of the  assay have not 

been documented. Immunoassay has many experimental va r i ab le s  and 

meticulous cont ro l  of these  requi res  de f in i t i on  and understanding of 

the  reac t ion  conditions of t h e  assay, e.g. equ i l ib ra t ion  t i m e ,  reversi-  

b i l i t y  of reac t ion  and temperature dependence of binding conditions f o r  

maximum discrimination between bound and f r ee  ligand. This paper de- 

s c r ibes  an evaluation and optimization of the  BTG radioimmunoassay and 

ind ica t e s  t he  r a t iona le  f o r  t he  assay conditions chosen f o r  t he  measure- 

ment of plasma BTC. 

In  pa r t i cu la r ,  w e  describe 1) t he  use of a second antibody with 

added polyethylene glycol t o  acce le ra t e  the  separa t ion  of bound ligand 
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BETA-THROMBOGLOBULIN WIOIMMLJNOASSAY 213 

from f r e e  l igand ,  a l lowing t h e  e n t i r e  a s s a y  t o  be completed i n  24 

hours. 2) t h e  s t a b i l i t y  of  s tandards  and l a b e l l e d  l igand .  3) t h e  e f f e c t  

of changes i n  both s tandards  and l a b e l l e d  l igand  on plasma BTG measure- 

ment and 4) a comparison of  a r a p i d  1-hour incubat ion  a s s a y  wi th  

t h e  opt imized 24-hour incubat ion  assay.  

Materials and Methods 

P u r i f i e d  beta-thromboglohulin (3) and r a b b i t  an t i -be ta -  

thromhoglobulin ant ibody were generous g i f t s  of Dr. D.S. Pepper 

(Edinburgh and South-East Scot land Regional Blood Transfusion Centre) .  

Phosphate b u f f e r  (0.05M) pH 7.8 with 0.1 M NaCl(PBS)was used through- 

out t h e  assay.  

Plasma f o r  BTG assay  was  c o l l e c t e d  i n t o  a s p e c i a l  a n t i c o a g u l a n t  

mixture  t o  minimize i n  v i t r o  r e l e a s e .  

most s u i t a b l e  t o  achieve t h i s  c o n s i s t e d  of 0.1 m l .  e thy lene  diamine 

t e t r a - a c e t a t e  (F isher  S c i e n t i f i c  Co., Toronto, Canada) 0.219 M. 0.1 m l .  

theophyl l ine  (Sigma Chemical Co., St .  Louis, Mo.) 30 mM, and 0.1 m l .  

Pros tag landin  El  (Sigma Chemical GJ., St .  Louis, Mo.) 1 0  uM. (4) 

a n t i c o a g u l a n t  mixture  was s t o r e d  in 12 x 75 mm polypropylene test 

tubes  a t  -7O'C u n t i l  used. 

i n s t e a d  of Pros tag landin  El in t h e  a n t i c o a g u l a n t  mixture  (5) .  

Prepara t ion  of P a t i e n t  Plasma 

The mixture  r e p o r t e d  t o  be  

The 

Other i n v e s t i g a t o r s  have used adenosine 

Blood samples were drawn wi th  minimum trauma us ing  a 2 1  G 

" b u t t e r f l y "  needle  and 3 m l .  polypropylene syr inge.  

a f t e r  i n s e r t i o n  of t h e  needle ,  t h e  tourn ique t  was r e l e a s e d  and 2 m l .  

of blood drawn and d iscarded  t o  avoid p o s s i b l e  contaminat ion of  t h e  

specimen w i t h  t i s s u e  thromboplast in .  A second 3 ml. s y r i n g e  was 

a t t a c h e d  and 2.7 m l .  of blood w a s  withdrawn slowly and expressed 

i n t o  pre-cooled 12 x 75 mm polypropylene tubes c o n t a i n i n g  0.3 m l  of 

t h e  an t icoagulant  and p l a t e l e t  s t a b i l i z i n g  mixture  (4). 

Immediately 

These tubes  
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214 HAN ET AL. 

were s tored  in an ice-water bath and centrifuged wi th in  1 hour of 

collection. 

P l a t e l e t  poor plasma was prepared by cent r i fuga t ion  a t  2000-g 

for 60 minutes a t  4.C. 

then remved and deep frozen (-70’0 u n t i l  assayed. 

12510dine-Labelling of Beta-ThromboRlobulin (BTGL 

The middle o n c t h i r d  of the  plasma waa 

Beta-thromboglobulin was labe l led  with 125Iodine by the  Chlora- 

mine-T procedure of Hunter and Greenwood ( 6 ) .  

(New England Nuclear, Boston, Mass.) was d i lu t ed  with phosphate buf fer  

(0.4 mol / l i t r e ,  pH 7.4) to  give 500 uCi per 10 ul. volume. 10 ul 

Na 12’1 was added t o  5 ug BTG protein in 30 u l  of phosphate buf fer  

(0 .4 mol / l i t r e ,  pH 7.4). 

Drug Houses, Toronto, Canada) was added, and a f t e r  30 seconds a t  

room temperature, 50 ul of sodium metabisu l f i te  (2 g / l i t r e )  was 

added. 

the  labe l led  l igand w a s  separated from f r e e  iodine by use of a column 

(1 x 25 cm) containing ce l lu lose  CF-11, pre-equilibrated with PBS. 

The c o l m  was f i r s t  washed with twice its volume of PBS t o  remove 

unreacted NA 12’I. 

m l  of the same phosphate buf fer  containing 20 g / l i t r e  bovine albumin 

(Sigma Chemical Co., St .  Louis, Mo.) and 20% V/V a c e t i c  acid.  

Tmmunoreactivity of radio-labelled BTG using excess antibody w a s  

90-952. 

bovine albumin so t h a t  100 u l  contained about 1 ng of BTG and 

yielded about 10,000 counts/min. 

Na 12%, 17 Ci/mg 

10 u l  of Chloramine-T ( 2  g / l i t r e :  Br i t i sh  

After addi t ion  of 5 u l  of potassium iodine (166 g / l i t r e ) ,  

The iodinated BTG was then e lu t ed  with 6-8 

The iodinated BTG was d i lu t ed  i n  PBS containing 40 g / l i t r e  

Goat an t i - rabbi t  gamma globulin was obtained from Antibodies 

Incorporated, Davis , Ca. Polyethylene g lycol  (PEG:M.W. 6000) wan 

obtained from Br i t i sh  Drug Houses, Toronto, Canada. Normal r a b b i t  

serum (NU) was obtained from Grand Is land  Biological Company, Grand 

Is land ,  N.Y. 
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BETA-THROMBOGLOBULIN RADIOIMMUNOASSAY 215 

Assay Procedure 

The following assay procedure was adopted based on the  evaluation 

and optimization of the  BTG radioimmunoassay. 

Anti-BTG antibody, 100 u l ,  was d i lu t ed  i n  NRS-EDTA phosphate 

buf fer  (0.05M phosphate buf fer ,  pll 7 . 4 ,  with NRS 20 mg/l i t re  and 

EDTA 18.6 g / l i t r e ) .  t o  give a concentration tha t  bound 50% of l abe l l ed  

l igand, was incubated a t  4'C with 100 u l  of buf fer  standard o r  plasma 

i n  10 mm x 75 m p l a s t i c  tuhcs f o r  2 4  hours. Bound and f r e e  moieties 

were separated by addi t ion  of 100 u l  of goat an t i - rabbi t  gamma g lobul in  

(15-fold d i lu t ion )  and 100 u l  of PEG (100 g / l i t r e ) .  

contents and allowing the tubes t o  stand a t  room temperature 5 minutes. 

the tubes were centrifuged a t  1500 g fo r  20 min. The supernatant 

( f ree)  f r ac t ion  was asp i ra ted  and the  prec ip i ta ted  (bound) f r ac t ion  

counted. 

Af te r  mixing the  

I n  the rout ine  assay, f i r s t  antibody d i lu t ion  was 1:300.000. 

This was the  experimentally determined antibody d i l u t i o n  t h a t  bound 

50% of l abe l l ed  ligand. 

d i lu t ed  twofold i n  PBS with bovine albumin 20 g / l i t r e .  and incubated 

overnight a t  4'C with f i r s t  antibody. 

Plasma samples were assayed undiluted or 

To eva lua te  a 1 hour non-equilibrium assay, f i r s t  antibody was 

d i lu ted  with NRS-EDTA phosphate buf fer  t o  1 : 50,000 (experimentally 

determined t o  bind 50% l abe l l ed  l igand i n  1 hour),  t he  plasma was 

assayed undiluted and d i lu t ed  with phosphate buf fer  containing 20 g/ 

l i t re  bovine albumin, and fncubation w i t h  f i r s t  antibodywaa f o r  1 hour at 

room temperature. Separation of bound ligand from f r e e  l igand w a s  

by use of a second antibody and PEG. 

Standards were prepared by d i lu t ing  stock BTG so lu t ion  i n  PBS 

(with added bovine serum albumin, 20 g / l i t r e )  t o  give concentrations 

of BTG of 5, 10, 2 0 ,  50 and 100 ng/ml. A zero standard cons is t ing  

only of phosphate bu f fe r  with bovine albumin 20 g / l i t r e  was included. 
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216 HAN ET AL. 

Plasma samples were pooled t o  c rea t e  l o w ,  medium and high qua l i ty  

cont ro l  mater ia l s .  Antibody binding capacity (Ab) and equilibrium 

constant (K) were determined from a Scatchard p lo t  (7 )  with computer 

optimization of upper and lower l i m i t s  of counts bound, and r e s u l t s  

were calculated from the expression L - (Ab/y) - [K-l/(l  - y ) ]  where 

y is bound/total  counts and L i s  t o t a l  l igand concentration, l abe l led  

and unlabelled (8). 

Method Development 

Antibody Dilution - Anti-BTG antibody obtained from Dr. Pepper 

was used i n  t h i s  method development. A s e r i e s  of zero-standard tubes 

were prepared containing l abe l l ed  l igand d i lu t ed  t o  g ive  10,000 

counts/min. and with d i lu t ion  of f i r s t  antibody 1:103, 1:104, 1:105, 

1:106. After incubation a t  4 'C  for  72 hours. second antibody (an t i -  

TgG antibody) d i lu ted  15-fold was added, t he  mixture was incubated 

overnight and a f t e r  cen t r i fuga t ion ,  t he  depos i t  cons t i t u t ing  t h e  

bound f r ac t ion  was counted. The d i lu t ion  tha t  gave a bound/free 

r a t i o  of 1 was ca lcu la ted  and w a s  found t o  be 1 : 300,000. This 

d i lu t ion  was se lec ted  t o  study the  reac t ion  r a t e .  

Forward Reaction Rate - A t  t h i s  antibody d i lu t ion ,  zero standard 

tubes were incubated a t  4'C f o r  72, 48,  24, 3 and 1 hour before te r -  

minating the  reac t ion  by adding second antibody. 

reac t ion  had proceeded t o  95X completion by 24 hours. 

We found t h e  forward 

Revers ib i l i ty  of Binding - Assessment of t he  r e v e r s i b i l i t y  of 

the reac t ion  was accomplished by the addi t ion  of 5000 ng (50 t i m e s  

the  highest  standard) t o  zero tubes which had already reached equ i l i -  

brium with f i r s t  antibody (72 hrs ) .  The. reac t ion  was terminated a f t e r  

an addi t iona l  1 hour incubation with second antibody. 

l igand was displaced from the  i n i t i a l  antibody/antigen complex which 

implies t ha t  t he  i n i t i a l  equilibrium w i l l  no t  be disturbed when the 

antibody-bound ligand i s  separated from the  f ree .  This observation 

No l abe l led  
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BETA-THROMBOGLOBULIN RADIOIMMUNOASSAY 217 

a l so  ind ica t e s  tha t  increased s e n s i t i v i t y  may be obtained by delaying 

the addi t ion  of  t r ace r  t o  the  i n i t i a l  incubation mixture. 

Temperature Dependence of Equilibrium Constant - Tubes f o r  

standard curves were incubated a t  4'C. 20°C and 37OC f o r  24 hours. 

The equilibrium constant,  12.0 x lo9 l i t r e /mol ,  of t he  present an t i -  

body w a s  temperature dependent and was highest  a t  4OC. 

37.C i t  w a s  respec t ive ly  8.00 and 5.00 x lo9  l i t re /mol .  

is enthalpy driven ( H - -14.1 K Cal/mol) with moderate entropy 

change USu - 41.8 K Cal/mol/OK) (9). 

A t  20.C and 

The reac t ion  

Separation System - The e f f e c t  of second antibody concentration on 

the separa t ion  of f r e e  from bound ligand w a s  measured using 100 u l  of 

second antibody d i lu ted  5, 10, 20 and 40-fold. Dilution was t e s t ed  

i n  2 extreme s i t u a t i o n s  (10) approximating, respec t ive ly ,  no binding 

and complete binding of labe l led  ligand. When labe l led  l igand in  

regular amounts (0.1 ng/tube) was mixed with a l a rge  excess of unlabcl- 

l ed  l igand (500 ng/tuhe) before addition of f i r s t  antibody (1 : 300,000) 

there  was e f f ec t ive ly  no binding of l abe l l ed  ligand. By con t r a s t ,  

v i r t u a l l y  a l l  of the l abe l l ed  l igand w s s  bound i f  no unlabelled l igand 

was added and the f i r s t  antibody waa present a t  100 times (1: 3000) 

the regular concentration. 

i n  these two s i t u a t i o n s  was not  appreciably d i f f e ren t  because the  bu f fe r  

contained normal rabbi t  serum a t  high concentration. 

A second antibody d i lu t ion  of 1:15 provided maximal discrimination 

The concentration of r abb i t  gamma g lobul in  

between the upper l i m i t  and t h e  lower l i m i t  of counts bound. Def in i t ion  

of these limits enabled the  observed counts bound t o  be cor re la ted  p r io r  

t o  ca lcu la t ion  of the  Scatchard p lo t  (9) .  

Polyethylene glycol (M.W. 6000) a t  a f i n a l  concentration of 20 g/ 

l i t r e  i n  the  incubation mixture accelerated the  p rec ip i t a t ion  of gamma 

g lobul in  by anti-gamma klobulin but  d id  not  prec ip i t a t e  l a b e l  i n  the  

absence of second antibody The time dependence of t he  second (11). 
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218 HAN ET AL. 

ant ibody p r e c i p i t a t i o n  i n  a zero s t a n d a t d  tube  i n  t h e  BTG assay  wi th  and 

without  po lye thylene  g lycol  (PEG) is shown i n  Fig. 1. I n  t h e  presence 

of PEG, p r e c i p i t a t i o n  was complete i n  5 minutes ,  whereas i n  its absence, 

p r e c i p i t a t i o n  was s t i l l  incomplete a t  12 hours. 

f o r e  used i n  t h e  r o u t i n e  BTG assay  w i t h  an incubat ion  t i m e  of 5 min. 

b e f o r e  c e n t r i f u g a t i o n .  

w i t h  second ant ibody (15-fold d i l u t e d )  convenient ly  a l lows  a d d i t i o n  of 

200 u l  of t h e  combined reagent  t o  each assay tube  and t h i s  pre-mixed 

reagent  was s t a b l e  f o r  24 hours  d e s p i t e  s l o w  development of opalescence 

This  agent  was there-  

Premixing of  PEG (100 g / l i t r e )  i n  equal  p a r t s  

(12). 

Standard Curve: D e f i n i t i o n  of Binding Constants  - Using f i r s t  a n t i -  

body a t  a d i l u t i o n  of 1 : 300,000, label led l igand  10,000 counts/min p e r  

tube and a range of s tandards  from zero  t o  100 ng/ml, a a tandard curve 

was s e t  up with f i r s t  incubat ion  24 hours  a t  4 ' C .  followed by overnight  

incubat ion  with second ant ibody (15-fold d i l u t e d )  without  PEG. 

In  addi t ion ,  3 zero s tandard  tubes were s e t  up with i n c r e a s i n g  

l a b e l l e d  l igand  amounts of 20,000, 40,000, 70,000 counts/min. per  

5000- 
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tub-. Tiles= 3 tuh - s  c o n t a i n e d  t i i n  r p g u l a r  mass of i a h e l l e d  l i g a n d  

p r e s f n t  i n  ? v e r y  s t a n d a r d  tUlJ’, w i t h  a d d i t i o n a l  mass i n c r e m e n t s  o f  

1, 7 and 0 tiws the  mass p r e s e n t  i n  lol0On coun t s /min .  

ponding h o u n d / t o t a l  coun t s  (yi, y g ,  ).6) r e a d  of f  t h e  s t a n d a r d  cu rv f  

gav- r e s u l t s  (L1, L3. Lo) i n  t%rms of  u n l a b s l l e d  l i g a n d  mass p e r  

tub-. Vhm d i v i d e d  hy 1, 3 , 6  r e s p e c t i v e l y ,  t h e s o  values y i e l d e d  

1.2, 1.8 and 1 . 5  n g / t u b e  a s  e s t i m a t e s  of t h e  l a l i e l i c d  l i g a n d  mass/ 

tub-, L*. The  c o i n c i d e n c e  o f  t i iese  v a l u e s  i n d i c a t e d  t h a t  an t ibody  

was no t  d i s c r i m i n a t i n g  IJ?twp.?n l a h a i l e d  and u n l a b e l l e d  l i g a n d .  

The corres- 

S e n s i t i v i t v  and ( p r a t i n g  [tang- of Assay - The d i l u t i o n  3f t h 5  

anti-BTG antisermi t h a t  hound 50’’ o f  thP t r a c - r  was found t o  b e  1: 

300,000. T i p  experimental sensitivity o r  detection l i m i t  a t  t h i s  

d i l u t i o n  o f  a n t l h o d y  was d? t? rn inPd  by s e t t i n g  up a s t a n d a r d  c u r v e  

w i t h  t h ?  zaro tube  r e p l i c a t e d  30 times. When no u n l a h e l l z d  l i g a n d  

was p r e s m t  tiis s e n s i t i v i t y  of the a s s a y  e x p r e s s e d  as two s t a n d a r d  

d e v i a t i o n s  o f  t h e  hound f r a c t i o n  was 4.02 ng/ml of plasma. The  upper  

l i n i t  o f  t h ?  a s s a y  a t  which t h e  hound f r a c t i o n  w a s  t w i c e  the non- 

s p e c i f i c  hi.nding w a s  100 ng/ml when u s i n g  100 u l  of  plasma. 

Y a t r I x  V f f e c t s  

1. Plasma Add i t ion  - Plasma w i t h  low RTG ( 2 5  ng/ml)  i n  1 0 0  u l  volume 

was added t o  a set  of  s t a n d a r d  tuhFs ;  t o  a n o t h e r  set  of s t a n d a r d  

tuhas  was added 100 u l  of  h u f f e r  ( F i g  2 ) .  

c o n c e n t r a t i o n  of 12 nglml,  24 ng lml  and 50 n g l m l w e r e  27 ng/ml, 

26 ng/ml and 25  ng lml  r e s p e c t i v e l y .  i n d i c a t i n g  no  s i g n i f i c a n t  

plasma matrix e f f e c t .  

2. Plasma D i l u t i o n  - Three  s e p a r a t e  s amples  w i t h  d i f f e r e n t  BTC 

l e v e l s  were e a c h  a s s a y e d  a t  4 d i f f e r e n t  d i l u t i o n s .  The r e s u l t s  

are shown i n  Fig. 2 and  are i d e n t i c a l  vnen c o r r e c t e d  for d i l u t i o n  

w i t h i n  t h e  c o n f i d e n c e  l i m i t s  of t h e  a s s a y .  

The d i s p l a c e m e n t  a t  s t a n d a r d  
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220 HAN ET AL. 

2 0 4 0 6 0 8 0 1 w  

PLASMA vol per tube -,ul 

Fig. 2. Three d i f f e r e n t  plasma samples  were each d i lu t ed  1:2, 
1:4 and 1:10 and BTG l e v e l  of each sample and d i lu t ion  was 
determined. This f igu re  shows the  e f f e c t  of plasma d i lu t ion  
p lo t ted  a s  BTG, ng per  tuhe. aga ins t  plasma volume, u l  per  tube. 

3. 

e f f ec t s ,  a l l  samples were rout ine ly  assayed i n  dupl ica te  a t  each of 

2 d i lu t ions ,  100 u l  and 50 u l  per assay tube. In 200 samples assayed, 

no volume dependent discrepant r e s u l t s  were apparent. 

4. Matrix Effects due t o  Label - Quality con t ro l  samples were 

compared using f r e sh ly  prepared l abe l l ed  BTG and l abe l l ed  l igand. 

s tored  f o r  6 weeks a t  -7OOC. 

values was noted when the  s tored  t r a c e r  was used. 

Sporadic Matrix Effect - In  order  t o  de t ec t  sporadic matrix 

A s ign i f i can t  increase  i n  assayed 

Immunoreactivity using excess antibody of t h e  s tored  tracer 

w a s  70X, compared t o  90% f o r  f resh ly  l abe l l ed  BTG. Chromatography 

using an 85 x 2.5 c m  column packed with Sbphadex G75 revealed three  

peaks (Fig 3). The major peak had an immunoreactivity s imi l a r  t o  

f r e sh ly  prepared labe l led  ligand. The second major peak was completely 

removed by anion exchange r e s i n  (AG1-xL0) suggesting i t  consisted 

of protein aggregates. 
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WITH IN-RUN PRECISION 

Low Medlum High 

221 

BETWEEN-RUN PRECISION 

Low Medlun High 

t 1.204000 

I u) 
C 
- 
g 300,000 

150,000 

0 
0 12 24 36 48 60 72 84 96 

Fraction Number 

Fig. 3. Comparison of chromatographic p a t t e r n  of  f r e s h  and 
s t o r e d  125T-BTG t r a c e r  using 6-75 sephadex column. E l u t i n g  
f l u i d  0.05 m o l / l i t r e  phosphate b u f f e r ,  pH 7.4, c o n t a i n i n g  
bovine serum albumin 10 g / l i t r e .  

5. Cross- reac t iv i ty  - The fol lowing a n t i g e n s  were examined f o r  c r o s s  

r e a c t i v i t y :  f ib r inogen ,  albumin and p l a t e l e t  f a c t o r  4. They showed 

no cross r e a c t i v i t y  with BTC ant ibody,  confirming previous  o b s e r v a t i o n s  ( 4 )  

P r e c i s i o n  

Within-run p r e c i s i o n ,  measured on 3 plasma samples. assaying  each 

sample 20 t imes w i t h i n  one run is shown i n  Table  1. I n  t h e  same 

x n g h l  :;; l;; j',l 1;; l;;; 
i . D .  
* cv x 

CV = C o e f f l d e n t  o f  v a r i a t l o n  
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222 HAN ET AL. 

t ab le ,  between-run precision f o r  low, medium and high concentration 

cont ro l  s e ra  based on 20 runs during 6 months is shown. The within- 

run precision is 10% (1CV) f o r  low and medium concentration, and 14% 

(1CV) f o r  high concentration. The between-run. precision during 6 

months is 13-20%. 

1-Hour Non-equilibrium Assay 

A rapid 1-hour non-equilibrium assay using a 1: 50,000 d i lu t ion  

of antibody was compared t o  the  optimized 24 hour assay described 

here and BTG concentrations were not s ign i f i can t ly  d i f f e ren t  (Table IT). 

Effect of Heparin on Assay 

The e f f e c t  of heparin on t he  assay system was inves t iga ted .  Heparin 

concentrations g rea t e r  then 10 U/ml  i n t e r f e red  with the  non-equilibrium 

1-hour assay because i t  assayed as equivalent t o  10-30 ng/ml BTG but 

did not i n t e r f e r e  with the  assay using the  24 hour equilibrium incuba- 

tion. 

not c l i n i c a l l y  important, a s  such l eve l s  of plasma heparin a r e  not 

usually encountered in pa t i en t s ,  t he  observation i l l u s t r a t e s  t h e  bene f i t  

of using an optimized assay t o  avoid chemical or drug in te r fe rence .  

Although the  non-equlibrium in t e r f e rence  e f f e c t  by heparin i s  

Table 11. Comparison of a 1-hour assay and 24-hour incubation 
assay on 6 plasma samples 

Sample 1-hour 24-hour 
- 

1 

2 

3 

4 

5 

6 

8.7 

19.5 

44.3 

18.1 

27.2 

19.6 

13.4 

18.4 

41.0 

18.3 

28.1 

19.1 
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Fresh t 
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3 Weeks t 4 Weeks t 

S t a b i l i t y  of  RTG Standa rd  w i t h  S t o r a g e  

The BTG was d i s s o l v e d  i n  PRS w i t h  b o v i n e  albumin 10 g / l i t r e  

and d i l u t e d  t o  g i v e  s t o c k  a l i q u o t s  of 5000 ng/ml of s t a n d a r d  which were 

s t o r e d  a t  -7OOC. 

Working BTG s t a n d a r d s  were s t a b l e  d u r i n g  7 days  s t o r a g e  a t  4'C 

h u t  n o t  beyond t h i s  t i m e .  S t a n d a r d s  s t o r e d  l o n g e r  gave a lower r e a d i n g ,  

w i t h  up t o  5nX loss a f t e r  10 days of s t o r a g e  i n  t h e  absence  of  a p r o t i n i n .  

Addit ion o f  1 5  l ' / m i  of a p r o t i n i n  oxtends-d s t a b i l i t y  of  s t a n d a r d s  

up t o  1 month o f  s t o r a f -  a t  L o ! :  ( T a b l F  111). Standa rds  s t o r 4  a t  

-7nOc iwr= u n a l t o r p d  n n t i g - i i l c a l l y  up tc 1: nor,tiis. Tii=rr: 0hsi.r-  

v a t i o n s  sitggpst t b a t  i n s t a l i i l i t y  of s t a n d a r d s  i s  r - l a t p d  t o  protoo- 

l v t i c  a c t i o n  and t h a t  I3TC car] lv ~ r o t p r t ~ d  hv r;toray,= w i t h  a p r o t j n i n .  

RTC: 1.wP.l  i n  T o r m n l  Tnd iv idua l s  

Tn An h ~ a l t h v  i n d i v i d u a l s  (40 f ema le  and 40 males  ag-d 21-45 

years,  mean 2 R j ,  mean plasma 11TG 10.~01 was 28 f 16 n g / d  (rage 

9-!15 ng/ml)  w i t h  no S P X  o r  agp d i f f e r e n c e  and are similar t o  a p re -  

Table 1 I I . S t a b i l i t y  o f  6TG standard stored a t  4 O C  wi th  aprotinii? 

10 

20 

50 

100 

8.fi 9.7 11.8 

18.9 19.6 23.6 

52.9 49.4 56.9 

96.3 98.2 109.5 

Aprotinin Concentration 25 U/ml 

Expected 6TG concentration 
t Measured 6 f G  concentration a t  the time stated 
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224  HAN ET AL. 

v i o u s l v  puhlislied r - p o r t  (13) .  Tn h normal i n d i v i d u a l s ,  no v a r i a -  

t i o n  in plasma RTG c o n c e n t r a t i o n  was notpd on s n m p l i n g  10 times over  

15 minutes  from tlt- Sam- v e w p u n c t u r ~  s i t m .  Sampl-s ob ta ined  a t  

in to . rva ls  of 1 \reek showed l i t t l?  v a r i a t i o n  in BTG c o n c m t r a t i o n  and 

a s i n i l a r  l a c k  of v a r i a t i o n  Ttas found in samplss  ta l  -n 1 month a p a r t  

f o r  3 months. Yean p l a t - l o t  R'N. c o n t s n t  in 10 h-=al thy mal-s w i t h  mean 

p l a t p l o t  count  of im x i n q / L  was zs ng/ ln6 p l a t e l e t s  (range 19-30 ng/1u6). 

DISCUSS ION 

T1i- o p t i m i z a t i o n  of a radioimmunoassay f o r  beta- t l i romboelobul in ,  

a ? l a t e l o t  s p - c i f i c  p r o t F i n ,  is drscr ih-d .  S e p a r a t i o n  of  bound l i g a n d  

from f r p e  l i g a n d  was by second an t ibody w i t h  added PIX. In  our  

development of  t h e  RTC a s s a y  w- hava shown t h a t  th-  an t ibody- l igand  

r s a c t i o n  had rraclind e q u i l i b r i u m  hy 2 4  liours i n c u b a t i o n  a t  4°C.  

nie a d d i t i o n  of PCC t o  t l i P  s-cond an t ihody reduced t h e  t i m p  of  incuba- 

t i o n  for s e p a r a t i o n  of  hound from f r e e  from 24 hours  t o  5 minutes .  

I.litliout PEG, s e p a r a t i o n  was s t i l l  incomplete  at 12 hours  incubat ion .  

This  f i n d i n g  is similar t o  t h a t  d e s c r i b e d  f o r  t h e  a s s a y  of serum 

f e r r i t i n  (12) .  Hence wi th  t h e  p r e s e n t  assay ,  BTG d e t e r m i n a t i o n  

w a s  complete a f t e r  a t o t a l  of 24 hours i n c u b a t i o n ,  

As c l i n i c a l  usage r e q u i r e s  r a p i d  assay  r e s u l t s ,  we have compared 

a non-equi l ibr ium 1-hour i n c u b a t i o n  assay  t o  t h e  24-hour i n c u b a t i o n  

assay .  The 1-hour a s s a y  gave similar r e s u l t s  t o  t h e  24-hour assay .  

However, t h e  non-equi l ibr ium sys tem does r e q u i r e  an an t ibody 

c o n c e n t r a t i o n  10-20 times t h a t  of t h e  e q u i l i b r i u m  system. Another 

p o t e n t i a l  d i sadvantage  of t h e  r a p i d  non-equilibrium a s s a y  is t h e  

p o s s i b i l i t y  of i n t e r f e r e n c e  by drugs ,  as demonstrated by h igh  con- 

c e n t r a t i o n s  o f  hepar in .  

Working BTG s t a n d a r d s ,  once prepared ,  have l i m i t e d  s t a b i l i t y  at 

4'C, w i t h  a a h e l f - l i f e  o f  5-7 days. However, s t o r a g e  a t  -70-C 
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BETA-THROMBOGLOBULIN RADIOIMMUNOASSAY 225 

increased the  s h e l f - l i f e  t o  a t  l e a s t  h months. The addi t ion  of 

ap ro t in in  a t  a concentration of 25 U / m l  prevented l o s s  of BTG 

standards s tored  a t  4.C f o r  up t o  4 weeks. 

suggest tha t  B E  decay on s torage  a t  4 O C  i s  r e l a t ed  t o  p ro teo ly t i c  

a c t i v i t y  present i n  the  BSA preparation (14). 

these standards longer led t o  an economy of consumption of t h i s  

p l a t e l e t - spec i f i c  protein.  

These observations 

The a b i l i t y  t o  s t o r e  

The 24-hour equilibrium assay has been i n  operation i n  our 

laboratory f o r  one and a half  years and has shown i t s e l f  t o  be 

robust. 

d i f f i c u l t i e s  encountered. 

Plasma from various groups have been assayed with l i t t l e  

The mean plasma RTG l e v e l  i n  a group of healthy ind iv idua ls  waa 

28 ng/ml 2 l h ( 2  S.D.) and did not vary,and mean p l a t e l e t  BTC content 

was 25 ng/106 p la t e l e t s .  

l i f e  of 100 minutes (15) and because plasma BTG concentration 

i n  normals is s t ab le ,  a constant l e v e l  of p l a t e l e t  u t i l i z a t i o n  

may he postulated.  

Plasma BTC has a shor t  in-vivo ha l f -  
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